1. Introduction {#sec1-ijerph-16-04281}
===============

Turkey's rapid urbanization since 1980 has dramatically reduced outdoor play areas for children which, in turn, increased the risk for adiposity and physical inactivity among children and adolescents. While the obesity rate in 1995 in Turkey was only 2.6% and 1.55% for boys and girls respectively \[[@B1-ijerph-16-04281]\], it is today 8.4% \[[@B2-ijerph-16-04281]\]. The other worrisome issue for children and adolescents is physical inactivity which could lead to serious health problems such as psychological disorders, coronary heart disease, breast and colon cancers, chronic diseases, type 2 diabetes, adiposity, and shortens life expectancy \[[@B3-ijerph-16-04281],[@B4-ijerph-16-04281]\]. According to the report of Turkish Ministry of Health, physical inactivity of children aged 6--11 and adolescents aged 12--18 in urban areas are 58.2% and 57%, respectively \[[@B1-ijerph-16-04281]\]. Physical inactivity of children and adolescents is a serious issue for adults since physical inactivity lifestyle of children and adolescents are associated with poor adult health outcomes \[[@B5-ijerph-16-04281],[@B6-ijerph-16-04281]\].

Health benefits of physical activity (PA) for children and adolescents, on the other hand, have been well documented. PA during childhood and adolescence is associated with improving bone and skeletal health \[[@B7-ijerph-16-04281],[@B8-ijerph-16-04281],[@B9-ijerph-16-04281]\], cardiovascular health \[[@B10-ijerph-16-04281],[@B11-ijerph-16-04281]\], motor skill development \[[@B12-ijerph-16-04281],[@B13-ijerph-16-04281]\], cognitive functioning \[[@B14-ijerph-16-04281],[@B15-ijerph-16-04281]\], and sleep quality \[[@B16-ijerph-16-04281]\]. PA in that period is also associated with reducing adiposity \[[@B17-ijerph-16-04281],[@B18-ijerph-16-04281],[@B19-ijerph-16-04281]\] and symptoms of depression and anxiety \[[@B20-ijerph-16-04281],[@B21-ijerph-16-04281],[@B22-ijerph-16-04281]\]. PA has also positive impacts on academic performance \[[@B23-ijerph-16-04281]\] and self-esteem \[[@B24-ijerph-16-04281]\]. In addition, developing active and healthy lifestyles during adulthood is supported by PA during childhood and adolescence periods \[[@B25-ijerph-16-04281],[@B26-ijerph-16-04281]\].

Considering the prevalence and impacts of physical inactivity, it is crucial to increase adolescents' PA. To do this, investigating the factors that affect adolescents' PA is necessary. In this context, socio-ecological models are frequently used by public health researchers to understand the determinants of PA \[[@B27-ijerph-16-04281],[@B28-ijerph-16-04281],[@B29-ijerph-16-04281]\]. In this model, urban green spaces (UGSs) are considered one of the potential environmental factors that influence adolescents' PA level \[[@B30-ijerph-16-04281],[@B31-ijerph-16-04281],[@B32-ijerph-16-04281]\]. For instance, a recent study conducted in the Netherlands revealed that in order for adolescents to visit UGSs most frequently, the presence of green spaces in the neighborhood was important \[[@B33-ijerph-16-04281]\]. Studies also showed that UGSs closeness to adolescents' home was positively associated with increased PA levels \[[@B31-ijerph-16-04281],[@B34-ijerph-16-04281]\]. Hence, access to UGSs was the most frequently reported factor to promote adolescents' PA levels in related studies \[[@B30-ijerph-16-04281],[@B35-ijerph-16-04281]\].

A growing body of studies suggest that nature provides opportunities for free exploration, hence, exposure to nature could positively affect adolescents' health \[[@B36-ijerph-16-04281],[@B37-ijerph-16-04281],[@B38-ijerph-16-04281]\]. As previous studies suggested, PA in green spaces/natural environments, or green exercise (GE), provides significant physiological and psychological health benefits \[[@B39-ijerph-16-04281],[@B40-ijerph-16-04281],[@B41-ijerph-16-04281]\]. Studies, for instance, showed that GE was positively associated with blood pressure, heart rate \[[@B42-ijerph-16-04281]\], general health \[[@B31-ijerph-16-04281]\], mental health, and cognitive development of children and adolescents \[[@B38-ijerph-16-04281],[@B43-ijerph-16-04281]\]. Studies also found that GE promotes self-discipline, attention restoration, memory, supportive social groups, competence, moderates stress, and improves behaviors while reducing risky behaviors \[[@B43-ijerph-16-04281],[@B44-ijerph-16-04281]\]. GE also reduces adiposity of children and adolescents \[[@B45-ijerph-16-04281],[@B46-ijerph-16-04281]\].

Although UGSs are important environmental factors for adolescents' PA, some characteristics and features of UGSs could be more attractive or motivating than others for adolescents' GE \[[@B47-ijerph-16-04281]\]. Previous studies showed that large open spaces \[[@B48-ijerph-16-04281]\], many trees \[[@B49-ijerph-16-04281]\], greenness \[[@B32-ijerph-16-04281],[@B50-ijerph-16-04281]\], presence of nature \[[@B51-ijerph-16-04281]\], walking paths, picnic areas, shelters, BBQs and restrooms, skate parks, and pool and water features \[[@B49-ijerph-16-04281],[@B52-ijerph-16-04281]\], play facilities, sport fields, and playgrounds/outdoor fitness equipment \[[@B48-ijerph-16-04281],[@B52-ijerph-16-04281],[@B53-ijerph-16-04281]\], well maintained parks \[[@B53-ijerph-16-04281],[@B54-ijerph-16-04281]\], and attractive scenery \[[@B48-ijerph-16-04281]\] were significantly associated with adolescents' visitation and GE. In addition, it is also found that body mass index (BMI) and environmental factors such as neighborhood environments, convenient facilities, etc., mediate adolescents' GE, therefore, further investigation is recommended \[[@B47-ijerph-16-04281]\].

While benefits of GE on adolescents' health are known, there is a gap in existing knowledge about how different characteristics of UGSs influence adolescents' GE and shape their health. In a literature review, for instance, Gardsjord, Tveit, and Hordh \[[@B30-ijerph-16-04281]\] showed that a limited number of studies explored parks' features and adolescents' PA, concluding adolescence is an understudied age group. Likewise, current studies emphasized the dearth of studies about adolescents' GE and suggested further inquiries for the better understanding of adolescents' GE \[[@B48-ijerph-16-04281],[@B49-ijerph-16-04281],[@B55-ijerph-16-04281],[@B56-ijerph-16-04281]\]. In addition, a lack of studies about adolescents' GE and health from developing countries \[[@B30-ijerph-16-04281],[@B34-ijerph-16-04281]\] restricts the generalization of the findings, which is an obstacle to creating a global framework for the design and use of UGSs \[[@B37-ijerph-16-04281],[@B57-ijerph-16-04281]\]. Furthermore, inconsistent findings about gender differences and beneficial effects of GE on adiposity require further investigations \[[@B31-ijerph-16-04281],[@B32-ijerph-16-04281],[@B58-ijerph-16-04281]\].

The primary aim of this research was to investigate the associations between characteristics of UGSs and adolescents' self-reported PA and health. The secondary aim of this study was to examine the gender differences among these relationships. Based on the research aims of the study, the following questions were explored:What are the relationships between characteristics of UGSs and adolescents' self-reported frequency and duration of GE?What are the relationships between characteristics of UGSs and adolescents' self-reported general health and BMI?How do these relationships differ between boys and girls?

2. Materials and Methods {#sec2-ijerph-16-04281}
========================

2.1. Study Sites and Participants {#sec2dot1-ijerph-16-04281}
---------------------------------

The data used in this study were collected in eight different UGSs (i.e., a greenway, an urban park, neighborhood parks, and recreational areas) in Aydın, Turkey ([Figure 1](#ijerph-16-04281-f001){ref-type="fig"}). These UGSs were chosen for the study due to their characteristic features, usage rates, locations, and neighborhoods' socio-economic-status (SES). Adolescents' self-reported participation in outdoor organized or unorganized play, exercise, or sport activities were defined as PA in the study. To carry out this research, first the ethics approval from the Ethics Committee of Aydın Adnan Menderes University was acquired (Protocol Number: 2018/1530). Then, the study sites were determined. After that, face-to-face personal interviews were conducted with 384 adolescents ages 13--19 between 1 March and 31 May, 2018. Permission from parents of those who agreed to participate in the study and were under 18 years of age were sought. Adolescents provided their demographic and SES such as gender, age, height, weight, education level, and monthly family income.

2.2. Questionnaire-Evaluation of UGSs {#sec2dot2-ijerph-16-04281}
-------------------------------------

UGSs were used to reach adolescents ([Figure 2](#ijerph-16-04281-f002){ref-type="fig"}). Surveys were conducted during both weekdays and weekends visits which lasted 2--3 h in the morning from 7 to 9 a.m., in the midday from 12 to 2 p.m., and in the evening from 5 to 8 p.m. The target group was the general population of adolescents. First surveyors observed adolescents who were physically active or passive or passerby on UGSs, then explained to them what the study was about, and invited them to participate in the survey. Parents of those adolescents who agreed to participate in the survey and under 18 years of age were contacted to obtain the parents' consent. The questionnaire asked adolescents for the demographic and SES, the walking distance from their home to the closest UGS, their frequency and duration of GE on a five-point Likert scale, and their screen time (i.e., on TV, computers, laptops, game consoles, etc.) per day. The respondents were also asked to evaluate their own general health considering the last two weeks using five-point Likert scales.

The characteristic features of UGSs (i.e., play equipment, outdoor fitness equipment, soccer fields and basketball courts, exercise trails, open areas, many trees, varied plants and animal life, lawn, flowerbeds, lights, picnic areas, and many benches/seating) were evaluated and rated by two professional landscape architects using five-point Likert scales from one to five (each score means different level of presence). For this evaluation, a qualitative approach was adopted where the characteristic features of UGSs were rated based on the experience and knowledge of two professional landscape architects \[[@B60-ijerph-16-04281],[@B61-ijerph-16-04281]\].

2.3. BMI Measure {#sec2dot3-ijerph-16-04281}
----------------

Based on the self-reported information provided by the adolescents about weight and height, their BMI was calculated. Adolescents' BMI was calculated as weight in kilograms divided by height in meters squared (kg/m^2^). Then, adolescents' percentile was calculated according to their age. In this calculation, percentile range of Centers for Disease Control and Prevention was used \[[@B62-ijerph-16-04281]\]. Percentile was broken into (a) less than the fifth percentile as underweight (coded 1), (b) fifth percentile to less than the 85th percentile (coded 2), (c) 85th to less than the 95th percentile as overweight (coded 3), and (d) equal to or greater than the 95th percentile as obese (coded 4).

2.4. Analytic Strategy {#sec2dot4-ijerph-16-04281}
----------------------

First, normality of the variables was checked by using the Kolmogorov--Smirnov test. The distributions of responses to frequency and duration of GE, general health, and BMI were normal. Variance inflation was also checked to detect multicollinearity issues. No multicollinearity issues between independent variables were found. Then, several multivariate linear regression analyses were performed to investigate the associations between characteristics of UGSs and (i) adolescents' frequency and duration of GE and (ii) adolescents' general health and BMI while controlling for confounding factors. In addition, stratification analyses were conducted to explore the differences between boys and girls. The results are presented as unstandardized coefficients (*b* and SE) with 95% confidence intervals (CI). A *p*-value of 0.05 was used to indicate statistical significance.

3. Results {#sec3-ijerph-16-04281}
==========

3.1. Demographics and GE Status {#sec3dot1-ijerph-16-04281}
-------------------------------

The sample consisted of 384 participants aged between 13 and 19 years (M~age~ = 15.57 years, SD = 1.48). Fifteen years old participants represented a quarter of the participant group (25.3%). Boys represented just over half (55.2%) of the sample. BMI ranged from 12.11 to 33.30 (M~BMI~ = 21.58, SD = 3.07). Most participants (77.9%) were high school students. Monthly household income of adolescents varied from less than 999 Turkish Lira to more than 6000 or more Turkish Lira (Mdn~income~ = 2000--2999 Turkish Lira, which is just over the families' monthly household income in Turkey \[[@B63-ijerph-16-04281]\]). Among all individuals, only 12.2% adolescents rated their general health as bad or very bad, which shows the data consists of self-reportedly healthy sample of adolescents. As seen in [Table 1](#ijerph-16-04281-t001){ref-type="table"}, overall just 9.6% of adolescents do daily GE, whereas 22.7% perform GE several times per week. For the duration of GE, overall 29.2% of adolescents spend more than 1 h participating in GE. Regarding gender, girls' frequency of daily GE (11.0%) was higher than boys (8.5%), while more boys than girls spend more than 2 h participating in GE (11.3% and 4.1%, respectively). In terms of screen time, 26.1% spend more than 3 h screen time, while 31.7% spend less than 1 h for screen time. Comparing the screen time between gender, more boys (34%) spend greater than 3 h than girls (16.3%).

3.2. Associations between Characteristics of UGSs and Adolescents' Frequency and Duration of GE {#sec3dot2-ijerph-16-04281}
-----------------------------------------------------------------------------------------------

A series of multivariate linear regression analyses were performed to explore the relationships between characteristics of UGSs and adolescents' frequency and duration of GE while controlling for confounding factors (i.e., gender, age, education, income, BMI, and distance to UGSs from home). As seen in [Table 2](#ijerph-16-04281-t002){ref-type="table"}, the findings show that distance to UGSs from home (95% CI = −0.189 -- −0.045) was negatively associated with adolescents' frequency of GE, whereas many trees (95% CI = −0.071--2.021), lawns (95% CI = −0.049--2.241), play equipment (95% CI = −0.212--3.430), and soccer fields and basketball courts (95% CI = −0.016--0.605) were positively associated with adolescents' frequency of GE. In terms of covariates, a positive significant association between age (95% CI = −0.016--0.605) and frequency of GE was found, whereas education level (95% CI = −0.016--0.605) was negatively associated with frequency of GE. In terms of duration of GE, no significant association was found between characteristics of UGSs and adolescents' duration of GE. Regarding the covariates, the findings show that while boys (95% CI = −0.032--0.465) and income (95% CI = 0.033--0.201) were positively and significantly correlated with duration of GE, increased BMI (95% CI = 0.033--0.201) was negatively and significantly associated with duration of GE.

3.3. Associations between Characteristics of UGSs and Adolescents' Self-Reported General Health and BMI {#sec3dot3-ijerph-16-04281}
-------------------------------------------------------------------------------------------------------

A series of multivariate linear regression analyses were conducted to investigate the associations between characteristics of UGSs and adolescents' self-reported general health and BMI while controlling for confounding factors. As shown in [Table 3](#ijerph-16-04281-t003){ref-type="table"}, the findings revealed lawns (95% CI = −0.149--1.797), exercise trails (95% CI = −0.060--0.578), and duration of GE (95% CI = 0.061--0.261) were positively and significantly associated with adolescents' self-reported general health. In terms of covariates, a positive significant association between education level (95% CI = −0.096--0.797) and self-reported general health was found. Regarding BMI, the findings revealed negative significant relationships between many trees (95% CI = −4.765--0.349), lawns (95% CI = −4.904--0.700), exercise trails (95% CI = −1.314--0.177) and outdoor fitness equipment (95% CI = −8.319--0.578) and self-reported increased BMI. A positive significant relationship was found between many benches/seating (95% CI = −0.341--2.878) and self-reported increased BMI. Regarding the covariates, there were positive significant associations between boys (95% CI = 0.396--1.648) and income (95% CI = −0.069--1.949) and self-reported BMI.

3.4. Stratified Analyses of Gender Groups {#sec3dot4-ijerph-16-04281}
-----------------------------------------

Stratification analyses were conducted to further examine differences among boys and girls. As seen in [Table 4](#ijerph-16-04281-t004){ref-type="table"}, no characteristics of UGSs were significantly correlated with boys' frequency and duration of GE. Regarding the covariates, boys' frequency of GE was positively correlated with age (95% CI = −0.016--0.281) and negatively associated with education level (95% CI = −1.106--0.018), increased BMI (95% CI = −0.107--0.021), and screen time (95% CI = −0.194--0.014). For girls, distance to UGSs from home (95% CI = −0.268--−0.049) was negatively associated with girls' frequency of GE, while soccer fields and basketball courts (95% CI = 0.016--1.016) were positively correlated with girls' frequency of GE. In regard to covariates, while education level (95% CI = −1.267--0.000) was negatively associated with girls' frequency of GE, income (95% CI = −0.025--0.275) was positively correlated with girls' duration of GE.

In terms of general health, stratified analyses revealed that no characteristics of UGSs were significantly associated with boys' self-reported general health and BMI ([Table 5](#ijerph-16-04281-t005){ref-type="table"}). While boys' duration of GE (95% CI = 0.033--0.314) and education level (95% CI = 0.025--1.006) were positively associated with self-reported general health, age (95% CI = −0.250--0.008) and screen time (95% CI = −0.429--0.024) were negatively associated with self-reported general health and BMI, respectively. For girls, the findings revealed that duration of GE (95% CI = −0.020--0.283), lights (95% CI = −0.007--3.487), exercise trails (95% CI = −0.069--0.838), and play equipment (95% CI = −0.249--4.547) were positively associated with girls' self-reported general health. In contrast, the findings showed that many trees (95% CI = −5.251--−0.091), lawns (95% CI = −5.580--−0.742), exercise trails (95% CI = −2.562--−0.071), play equipment (95% CI = −5.472--−0.923), open areas (95% CI = −3.759--−0.299), flowerbeds (95% CI = −2.912--−0.366), and outdoor fitness equipment (95% CI = −2.204--−0.771) were negatively correlated with girls' increased BMI.

4. Discussion {#sec4-ijerph-16-04281}
=============

As previous studies reveal, physical factors of UGSs may influence the use and engagement with nearby green spaces \[[@B64-ijerph-16-04281]\]. Supporting the previous studies, this study reveals that some characteristic features of UGSs influence adolescents' GE and health. In general, the findings show that increased distance from UGSs was negatively associated with adolescents' frequency of GE. This finding is in line with previous studies \[[@B31-ijerph-16-04281],[@B32-ijerph-16-04281],[@B34-ijerph-16-04281]\] and proximity seems to play a greater role in promoting GE among adolescents. However, proximity alone may not be enough to promote adolescents' GE. As seen in [Figure 3](#ijerph-16-04281-f003){ref-type="fig"}, while distance to UGSs from home increases, the duration of GE does not consistently decrease, which indicates some other factors may have influenced adolescents' GE. Supporting the notion, the findings show that many trees, lawns, and soccer fields and basketball courts were positively associated with duration of GE. These findings are consistent with previous studies as it seems these characteristics encourage adolescents to spend longer time for GE \[[@B30-ijerph-16-04281],[@B49-ijerph-16-04281],[@B52-ijerph-16-04281],[@B53-ijerph-16-04281]\]. For instance, Van Hecke, et al. \[[@B53-ijerph-16-04281]\] found that a park with a soccer field and a basketball court was preferred by adolescents compared to a park without a soccer field and a basketball court. This is expected since soccer fields and basketball courts provide PA opportunity for adolescents \[[@B49-ijerph-16-04281],[@B52-ijerph-16-04281]\]. Trees and lawns were also found to be important characteristics of UGSs to promote adolescents' GE. Previous studies showed that well-maintained lawns make people feel safer \[[@B65-ijerph-16-04281],[@B66-ijerph-16-04281]\], while trees make people relax and create zones of shelter \[[@B30-ijerph-16-04281]\]. The findings of the study suggest that if these characteristic features are present in UGSs, it is more likely that adolescents will be more physically active. Therefore, policymakers and landscape architects should ensure that UGSs have many trees, well-maintained lawns, and soccer fields and basketball courts to promote adolescents' GE in UGSs.

In terms of health, the findings show that duration of GE, lawns, and exercise trails were positively associated with adolescents' self-reported general health. While increased benches/seating were positively associated with increased BMI, many trees, open areas, outdoor fitness equipment were associated with lower healthier range of BMI. The finding about the positive relationship between adolescents' GE and self-reported general health is consistent with the previous studies \[[@B31-ijerph-16-04281],[@B43-ijerph-16-04281],[@B67-ijerph-16-04281]\], which suggests that GE could provide health benefits to adolescents. In contrast, no studies investigating the relationships between characteristics of UGSs and adolescents' self-reported general health and BMI were found in the literature review to compare the results. Nonetheless, possible explanations have been discussed. Studies showed that UGSs' greenness was found to be associated with adolescents' GE \[[@B32-ijerph-16-04281],[@B50-ijerph-16-04281]\]. Trees and grasses are the main components of greenness in UGSs. It is probable that these characteristics attract and encourage adolescents for participating in GE, which promotes a better general health and lower BMI. Similarly, exposure to UGSs has been associated with lower BMI \[[@B68-ijerph-16-04281]\] and a higher level of PA \[[@B30-ijerph-16-04281],[@B69-ijerph-16-04281]\]. As previous studies show, open areas, walking paths/exercise trails, and outdoor fitness equipment are positively associated with GE among children and adolescents \[[@B48-ijerph-16-04281],[@B52-ijerph-16-04281],[@B53-ijerph-16-04281]\]. These characteristics feature in UGSs most likely provide opportunities for adolescents to exercise, which improves adolescent' general health and reduces adiposity. The findings also revealed that increased benches/seating were positively associated with increased BMI. Similarly, a recent study about park characteristics and adolescents' park-based PA found that adolescents would rather use a park without benches/seating when they engage in GE \[[@B53-ijerph-16-04281]\]. A possible explanation for this finding is that adolescents may feel encouraged to sit when they see benches/seating instead of engaging in GE \[[@B53-ijerph-16-04281]\], which may have resulted higher BMI among adolescents. Considering the results of the study, the findings suggest that providing UGSs having many trees, well-maintained lawns, open areas, exercise trails, and outdoor fitness equipment could be an effective strategy to improve adolescents' general health and reduce adiposity.

The findings also showed that while education level was significantly associated with frequency of GE, no significant association was found for age. The possible explanation for this outcome could be the dropout of Turkish students. Studies show that while the compulsory education in Turkey is 12 years, dropout rate increases at the age between 15 to 19 among adolescents \[[@B70-ijerph-16-04281]\]. Therefore, this may have affected the findings of the study. The time pressure is another possible explanation for the negative significant association for the education level. In Turkey, adolescents are under pressure for academic success and only 35% can enter the university after taking the University Entrance Exam \[[@B71-ijerph-16-04281]\]. Students have to take private courses after school hours and during the weekends, which may negatively affect their PA level.

More detailed analyses were conducted to determine the differences between boys and girls. The findings revealed that while no characteristics of UGSs were significantly associated with boys' frequency and duration of GE, their increased BMI and screen time were negatively associated with frequency of GE. Some of the findings are in line with previous studies, while some are not consistent with previous studies. As previous studies show, boys tend to be more physically active than girls \[[@B31-ijerph-16-04281],[@B72-ijerph-16-04281],[@B73-ijerph-16-04281]\]. At the same time, boys spend more time on the screen than girls \[[@B64-ijerph-16-04281]\]. It is also seen in [Table 1](#ijerph-16-04281-t001){ref-type="table"} that boys have higher screen time (i.e., more than 3 h) than girls. It seems that boys higher PA reduces their adiposity while screen time negatively influence boys GE. For girls, increased distance to UGS was negatively associated with girls' duration of GE, which could be related to safety concerns. In previous studies, concern for safety was one of the important barriers for girls to visit UGSs and engage in GE \[[@B74-ijerph-16-04281]\]. It is probable that parents feel safe when their daughters engage in GE in UGSs close to home and let them play longer \[[@B31-ijerph-16-04281],[@B74-ijerph-16-04281]\]. On the other hand, the findings show an interesting result that the association between soccer fields and basketball courts was evident for girls but not for boys. This finding suggests that presence of soccer fields and basketball courts was also important for girls to engage in GE \[[@B75-ijerph-16-04281]\]. Considering no characteristics of UGSs were associated with both boys and girls GE (i.e., except soccer fields and basketball courts), these findings are unexpected considering previous studies \[[@B48-ijerph-16-04281],[@B49-ijerph-16-04281],[@B50-ijerph-16-04281],[@B53-ijerph-16-04281]\]. A possible explanation for these unexpected results could be that UGSs may not have addressed the needs of boys and girls in terms of quality and design. As previous studies show, adolescents may not visit UGSs if they consider UGSs designed for younger children, not challenging enough, or playground equipment uninteresting \[[@B55-ijerph-16-04281],[@B76-ijerph-16-04281]\]. These possibilities need to be investigated in future studies.

Regarding health findings, the results reveal that boys' duration of GE was positively associated with their self-reported general health. For girls, exercise trails and play equipment were positively correlated with girls' self-reported general health, while many trees, lawns, flowerbeds, open areas, exercise trails, play equipment, and outdoor fitness equipment were negatively associated with girls' increased BMI. These findings support the previous studies that spending longer time in UGSs could provide health benefits \[[@B31-ijerph-16-04281],[@B38-ijerph-16-04281],[@B43-ijerph-16-04281]\]. It is also likely that open areas with many trees, lawns, and flowerbeds increase the attractiveness of UGSs and trails, play and exercise equipment provide opportunity to engage in GE for girls \[[@B49-ijerph-16-04281],[@B75-ijerph-16-04281]\]. These possibilities and why no characteristics of UGSs were associated with boys' self-reported general health and BMI warrant further research. Therefore, further investigation on this issue is recommended.

To the author's knowledge, this study is one of the first examinations of the relationships between characteristics of UGSs and adolescents' self-reported general health and BMI. The other strength of this paper is that instead of interviewing with parents, face-to-face personal interviews were conducted with adolescents. On the other hand, some limitations should be acknowledged. The primary limitation of this paper is that it was cross-sectional study rather than longitudinal or intervention studies. However, while causal relationships cannot be drawn, this cross-sectional study of the relationship of UGS and adolescents' health adds to current knowledge, which provides data for future longitudinal or intervention studies. While the data of the study was reported by adolescents themselves, it still depends on their recall. Hence, the data was prone to recall bias. Social desirability could have affected the response of the adolescents as well. They might have provided inaccurate information about their weight and height, which affects the accuracy of the BMI. In this respect, objective measures in future studies is recommended. While adolescents who were physically active or passive or passerby on UGSs were recruited and interviewed, the selection could have biased the sample. Therefore, it might represent a biased sample. Lastly, even though the regression models were significant, the low R squared value suggests that there are other factors that influence adolescents' GE, general health, and BMI. Hence, the regression models do not completely predict adolescent' GE, general health, and BMI. Before any strong conclusion can be made, further studies are needed.

5. Conclusions {#sec5-ijerph-16-04281}
==============

Urbanization has been reducing outdoor play and recreational areas for adolescents, while low and/or declining levels of PA and the increasing rate of adiposity have been reported in studies. As studies show, the condition of the living environment significantly affects adolescents' PA behavior and GE \[[@B27-ijerph-16-04281]\]. Therefore, keeping and managing green infrastructure in cities is not only important for environment but it is also important for human health. Green infrastructure has the potential to reduce health risks in terms of mental and physical health and well-being caused by climate change \[[@B77-ijerph-16-04281],[@B78-ijerph-16-04281]\]. In cities, UGSs are important part of the green infrastructure. Hence, it is crucial to identify park features that could encourage or discourage adolescents for engaging in GE. Furthermore, it is up to policy makers, urban planners, and landscape architects create UGSs that address adolescents' needs and encourage them to engage in GE. The findings of this study reveal that distance to UGSs, many trees, lawns, flowerbeds, open areas, exercise trails, play and outdoor fitness equipment, and soccer fields and basketball courts are significantly associated with adolescents' GE, general health, and BMI. The findings of this paper could be used for policy makers and landscape architects to promote science-based decision making and priority setting when creating, designing, or renewing UGSs. The findings also indicate that adolescents of different gender vary widely in the use of characteristics of UGSs. Therefore, gender differences need to be investigated in future studies. It is also recommended that age differences should also be considered when investigating the use of type of activity settings in UGSs.
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ijerph-16-04281-t001_Table 1

###### 

The status of adolescents' green exercise (GE) and screen time (*n* = 384).

  Variables                 Overall             Boys (55.2%)   Girls (44.8%)   
  ------------------------- ------------------- -------------- --------------- -------
  Frequency of GE           Seldom or never:    15.4%          17.0%           13.4%
  1--2 times a month:       31.5%               32.2%          33.1%           
  Weekly:                   20.8%               20.3%          21.5%           
  Several times per week:   22.7%               24.0%          20.9%           
  Daily:                    9.6%                8.5%           11.0%           
  Duration of GE            Less than 15 min:   15.6%          15.6%           15.7%
  15--30 min:               24.0%               23.6%          24.4%           
  30 min--1 h:              31.3%               26.9%          36.6%           
  1--2 h:                   21.1%               22.6%          19.2%           
  More than 2 h:            8.1%                11.3%          4.1%            
  Screen Time               Less than 30 min:   14.3%          12.7%           16.3%
  30 min--1 h:              17.4%               12.7%          23.3%           
  1--2 h:                   21.4%               20.3%          22.7%           
  2--3 h:                   20.8%               20.3%          21.5%           
  3--4 h:                   12.0%               15.6%          7.6%            
  More than 4 h:            14.1%               18.4%          8.7%            

ijerph-16-04281-t002_Table 2

###### 

Associations between characteristics of urban green spaces (UGSs) and adolescents' frequency and duration of GE.

  Variables                           Frequency of GE   Duration of GE                    
  ----------------------------------- ----------------- ---------------- ---------------- -----------
  Gender (boys)                       −0.054            0.131            **0.216 \***     **0.126**
  Age                                 0.101             0.057            0.056            0.055
  Education                           **−0.582 \*\***   **0.209**        −0.112           0.201
  Income                              0.038             0.044            **0.117 \*\***   **0.043**
  Body mass index (BMI)               −0.018            0.021            **−0.038 \***    **0.020**
  Screen time                         −0.028            0.040            −0.012           0.039
  UGSs distance                       **−0.117 \*\***   **0.037**        −0.004           0.035
  Many trees                          **0.975 \***      **0.532**        0.339            0.512
  Lawns                               **1.096 \***      **0.582**        −0.335           0.560
  Lights                              −1.013            0.678            −0.233           0.653
  Exercise trails                     0.191             0.155            0.097            0.149
  Play equipment                      **1.609 \***      **0.926**        0.550            0.891
  Soccer field and basketball court   **0.293 \***      **0.157**        0.183            0.151
  Varied plants and animal life       −0.024            0.105            0.017            0.101
  Open areas                          −0.529            0.620            0.201            0.596
  Flowerbeds                          −0.083            0.328            0.097            0.316
  Outdoor fitness equipment           −0.045            0.149            0.135            0.143
  Many benches/seating                0.194             0.275            −0.002           0.264
  Picnic areas                        0.085             0.209            −0.137           0.201
  R^2^                                **0.108 \*\***    **0.063 \***                      

Note: \* *p* ≤ 0.05, \*\* *p* ≤ 0.01. *b*: Unstandardized coefficients, SE = standard error. Bold indicates the relationship is significant. Girls are the reference group.

ijerph-16-04281-t003_Table 3

###### 

Associations between characteristics of UGSs and adolescents' self-reported general health and BMI.

  Variables                           General Health   BMI                                   
  ----------------------------------- ---------------- ------------------ ------------------ -----------
  Gender (boys)                       0.162            0.111              **1.022 \*\*\***   **0.318**
  Age                                 −0.073           0.049              0.168              0.140
  Education                           **0.447 \***     **0.178**          **0.940 \***       **0.513**
  Income                              0.025            0.038              0.017              0.110
  Screen time                         −0.037           0.034              −0.050             0.098
  Park distance                       −0.015           0.032              0.112              0.091
  Frequency of GE                     −0.053           0.049              −0.010             0.141
  Duration of GE                      **0.161 \*\***   **0.051**          −0.238             0.146
  Many trees                          −0.689           0.452              **−2.208 \***      **1.300**
  Lawns                               **0.824 \***     **0.495**          **−2.102 \*\***    **1.425**
  Lights                              1.075            0.575              2.981              1.655
  Exercise trails                     **0.319 \***     **0.132**          **−0.569 \*\***    **0.379**
  Play equipment                      1.324            0.786              −3.870             2.262
  Soccer field and basketball court   −0.047           0.134              −0.171             0.386
  Varied plants and animal life       0.008            0.089              0.342              0.255
  Open areas                          0.333            0.521              −4.099             1.501
  Flowerbeds                          0.088            0.276              2.138              0.795
  Outdoor fitness equipment           −0.026           0.125              **−1.021 \*\***    **0.361**
  Many benches/seating                −0.145           0.231              **1.744 \*\***     **0.666**
  Picnic areas                        −0.153           0.175              **1.599 \*\***     0.504
  R^2^                                **0.077 \*\***   **0.118 \*\*\***                      

Note: \* *p* ≤ 0.05, \*\* *p* ≤ 0.01, \*\*\* *p* ≤ 0.001. *b*: Unstandardized coefficients, SE = standard error. Bold indicates the relationship is significant. Girls are the reference group.

ijerph-16-04281-t004_Table 4

###### 

Associations between characteristics of UGSs and adolescents' GE, stratified by gender.

  Variables                             Boys            Girls                                                                                   
  ------------------------------------- --------------- ----------- ---------------- ----------- ------------------- ----------- -------------- -----------
  Age                                   **0.132 \***    **0.075**   0.080            0.076       0.055               0.092       0.013          0.083
  Education                             **−0.544 \***   **0.285**   −0.250           0.287       **−0.633 \*\***     **0.321**   0.067          0.289
  Income                                0.025           0.055       **0.111 \*\***   **0.055**   0.034               0.084       **0.124 \***   **0.076**
  BMI                                   **−0.043 \***   **0.032**   −0.041           0.033       −0.002              0.029       −0.033         0.026
  Screen time                           **−0.090 \***   **0.053**   −0.029           0.053       0.053               0.065       0.013          0.059
  Park distance                         −0.099          0.051       0.025            0.051       **−0.159 \*\*\***   **0.055**   −0.060         0.050
  Many trees                            0.766           0.690       0.420            0.695       1.413               0.868       0.304          0.782
  Lawns                                 −0.987          0.769       −0.450           0.775       −1.356              0.932       −0.308         0.839
  Lights                                −1.052          0.901       −0.466           0.909       −1.061              1.078       −0.091         0.971
  Exercise trails                       0.250           0.213       0.209            0.215       0.130               0.237       −0.008         0.213
  Play equipment                        1.622           1.223       0.968            1.233       1.760               1.480       0.172          1.332
  Soccer fields and basketball courts   0.150           0.206       0.160            0.208       **0.516 \*\***      **0.253**   0.212          0.228
  Varied plants and animal life         −0.111          0.136       −0.069           0.137       0.116               0.170       0.124          0.153
  Open areas                            −0.574          0.805       −0.003           0.812       −0.588              1.010       0.455          0.909
  Flowerbeds                            −0.150          0.428       −0.082           0.431       −0.043              0.533       0.353          0.480
  Outdoor fitness equipment             −0.068          0.199       0.107            0.201       −0.041              0.235       0.184          0.211
  Many benches/seating                  0.282           0.362       0.204            0.365       0.128               0.440       −0.286         0.396
  Picnic areas                          0.120           0.274       −0.067           0.276       0.089               0.337       −0.223         0.304
  R^2^                                  0.082           0.079       **0.103 \***     0.055                                                      

Note: \* *p* ≤ 0.05, \*\* *p* ≤ 0.01, \*\*\* *p* ≤ 0.001. *b*: Unstandardized coefficients, SE = standard error. Bold indicates the relationship is significant.
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###### 

Associations between characteristics of UGSs and adolescents' self-reported general health and BMI, stratified by gender.

  Variables                           Boys             Girls                                                                                            
  ----------------------------------- ---------------- -------------- --------------- ---------------- ---------------- ----------- ------------------- -----------
  Age                                 **−0.121 \***    **0.066**      214             0.165            −0.008           0.077       0.172               0.248
  Education                           **0.516 \*\***   **0.249**      0.860           0.624            0.295            0.270       1.111               0.874
  Income                              0.020            0.048          −0.165          0.120            0.040            0.070       0.317               0.227
  Screen time                         −0.036           0.046          **−0.202 \***   **0.115**        −0.026           0.054       0.174               0.176
  Park distance                       0.017            0.045          −0.021          0.113            −0.053           0.047       0.226               0.152
  Frequency of GE                     −0.053           0.072          −0.143          0.181            −0.063           0.069       0.078               0.225
  Duration of GE                      **0.173 \*\***   **0.071**      −0.115          0.179            **0.132 \***     **0.077**   −0.323              0.249
  Many trees                          −0.530           0.601          −0.094          1.510            −0.945           0.715       **−3.671 \*\***     **1.319**
  Lawns                               0.560            0.671          −0.050          1.684            1.229            0.768       **−3.661 \*\***     **1.490**
  Lights                              0.620            0.786          0.440           1.974            **1.738 \***     **0.883**   4.140               2.864
  Exercise trails                     −0.229           0.186          −0.084          0.466            **0.453 \*\***   **0.195**   **−1.316 \*\***     **0.631**
  Play equipment                      −0.777           1.067          −0.238          2.680            **2.149 \*\***   **1.214**   **−3.697 \*\***     **0.936**
  Soccer field and basketball court   −0.076           0.179          0.080           0.451            −0.040           0.212       −0.840              0.689
  Varied plants and animal life       −0.119           0.118          0.150           0.297            0.189            0.141       0.680               0.458
  Open areas                          −0.256           0.700          1.179           10.758           1.130            0.817       **−2.529 \*\*\***   **2.648**
  Flowerbeds                          −0.220           0.371          0.858           0.932            0.514            0.433       **−1.139 \*\*\***   **1.404**
  Outdoor fitness equipment           −0.178           0.173          0.317           0.435            0.165            0.190       **−0.987 \*\*\***   **0.616**
  Many benches/seating                0.106            0.315          −0.513          0.790            −0.496           0.357       −3.529              1.156
  Picnic areas                        0.055            0.238          −0.541          0.598            −0.420           0.271       −3.111              0.879
  R^2^                                0.082            **0.100 \***   **0.096 \***    **0.138 \*\***                                                    

Note: \* *p* ≤ 0.05, \*\* *p* ≤ 0.01, \*\*\* *p* ≤ 0.001. *b*: Unstandardized coefficients, SE = standard error. Bold indicates the relationship is significant.
